Introduction: A patient's response to sepsis is influenced by their genetic background. Our objective was to use plasma markers, such as protein C (PC), D-dimer, Plasminogen Activator Inhibitor-1 (PAI-1) levels, and the PAI-1 rs1799889 4G/5G and Tumor Necrosis Factor-α rs1800629 G/A polymorphisms to improve classical intensive care unit (ICU) scores. Methodology: We studied 380 subjects, 166 with sepsis. We performed coagulation tests: plasma PAI-1 and PC levels were evaluated by chromogenic methods; and D-dimer was evaluated by immunoturbidimetric assay. Polymorphisms were performed using for polymerase chain reactions followed by digest with specific restriction enzyme. We acquired the APACHE and SOFA scores (time zero), sex, age, body mass index, associated co-morbidities, length of ICU stay (days), the severity of sepsis (sepsis, severe sepsis or septic shock), the HIV status and the ICU outcome (survival or death). Results: We found significant differences between patients who died (n=80) and those who survived (n=86) in terms of the ICU length of stay (6 vs. 10 days), septic shock (64 versus 24%), age (51 versus 38 years old), HIV+ condition (34 versus 16%), SOFA (7 versus 4), APACHE (19 versus 13), D-dimer (4.32 versus 2.88 g/ml), PC (46.0 versus 63.5 %) and PAI-1 (33.0 versus 16.5 UA/l). When we used a regression analysis with dichotomized variables, only the SOFA 4 , PAI-1 16 , HIV status and the PAI-1 4G allele proved to be predictors of death at time zero. Conclusions: In the future, ICU scores may be further improved by adding certain genomic or plasma data.
Introduction
The group of patients who are diagnosed with sepsis includes an extremely heterogeneous mix of cases with different underlying conditions, different anatomic sites of infection with a large number of different microorganisms of varying virulence and quantity, and a wide range of host inflammatory and immunologic capabilities [1] [2] . Moreover, a causative organism is never found in a sizeable minority of patients with the clinical presentation of sepsis [3] . In spite of significant advances in both the supportive care and the understanding of the molecular basis of sepsis, it is still the most common cause of death among patients, both in the intensive care unit (ICU) [3] [4] [5] and elsewhere [6] . It is possible that the perpetuation of the inflammatory response results in severe sepsis or septic shock [7] [8] . For instance, the excessive release of tumor necrosis factor-α (TNF-) by macrophages into the bloodstream can produce a dangerous condition that leads to septic shock, organ failure and ultimately death [7, 9, 10] . Unfortunately, at present we cannot rapidly assess the patient's ability to produce an appropriate inflammatory response, nor do we have the tools to interpret and act on this information to benefit patients [1] .
Multiple organ failure is a major cause of morbidity and mortality in critically ill patients. The Sequential Organ Failure Assessment (SOFA) score is now commonly incorporated into clinical practice and has been shown to have high accuracy in describing the course of organ dysfunction in patients with severe sepsis [11] . Whereas severity of illness scoring systems, such as the Acute Physiology and Chronic Health Evaluation II (APACHE), are based on the first 24 hours of ICU admission, the SOFA scoring system takes into account the time course of a patient´s condition during the entire ICU stay.
However, some publications have questioned the insufficient reliability of these scoring systems [12] [13] . In fact, many publications focused their attention on using the plasma levels of certain factors, such as protein C (PC), procalcitonin, TNF-, and plasminogen activator inhibitor-1 (PAI-1), as prognostic markers [14] [15] [16] . Other publications have investigated specific genetic polymorphisms in candidate genes [7, 10, [17] [18] [19] [20] [21] .
During sepsis, fibrinolysis is inhibited while the activation of coagulation still proceeds, as shown by elevated D-dimer levels, which contributes to multiple organ dysfunction [8, [22] [23] [24] . PAI-1 is considered the main cause for the downregulation of fibrinolysis during sepsis; high plasma levels of PAI-1 contribute to multiple organ dysfunction and thus to an increased risk of death [25] . In addition, PAI-1 has been implicated in other mechanisms, such as leukocyte migration [26] . Given its pivotal role in the coagulation and fibrinolytic systems, PC has been of particular interest as a cofactor in hemostatic abnormalities in patients with sepsis. Low levels of PC could be a predictor of mortality in septic adult patients [14, 24, 27] . Consequently, PC, PAI-1 and Ddimer levels could be good prognostic markers.
Increasing evidence suggests that individual differences in infectious disease manifestation may result from the genetic predisposition of the patient. Specific genetic factors might predict the risk not only for developing severe infection, but also for developing organ dysfunction leading to death [18] [19] [20] . Among TNF-α variants, a polymorphism that affects TNF-α expression has been located at nucleotide position -308 (TNF-α rs1800629 G/A) and has been associated with morbidity and mortality in severe forms of fulminant purpura, mucocutaneous leishmaniasis and sepsis [28] . In addition, the PAI-1 gene contains a polymorphism (PAI-1 rs1799889 4G/5G, either 4 or 5 guanine bases) in which the PAI-1 4G allele produces more PAI-1 than the PAI-1 5G allele during an acute phase response, such as in sepsis. In fact, the PAI-1 rs1799889 4G/5G polymorphism has been found to correlate with a poor outcome in meningococcal sepsis [29] [30] [31] [32] . Specific polymorphisms in the encoding of this gene have been suggested to correlate an increased mortality in septic shock, although contradictory results have been presented [33] . There are several factors that contribute to this discrepancy, and ethnicity is one of them.
Our objective was to use plasma markers, such as PC (%), D-dimer (g/ml), PAI-1 (UA/l) levels, and the PAI-1 rs1799889 4G/5G and TNF- rs1800629 G/A polymorphisms to improve classical ICU scores, such as the SOFA and APACHE, in predicting the outcome of septic patients at the time of admission to the ICU in Argentina.
Methodology

Patients
We studied 380 unrelated Caucasian adults (age greater than 18 years), 166 of whom had sepsis as defined by international guidelines (with or without identified pathogens), with no more than 48 hours of evolution, who were hospitalized in the ICU at an infectious disease hospital in Argentina. The criteria for ICU admission were based on the patient's clinical condition at the time of presentation (time zero). In addition, we analyzed 214 volunteer subjects without any known infection at the time of blood extraction to investigate the genotypic HardyWeinberg equilibrium (control group). Study subjects were all Argentineans who resided in the same geographic area. The study was approved by the appropriate ethics committees and subjects gave informed consent for inclusion. Subjects were excluded if they were pregnant or younger than 18 years of age.
Patients' data
We acquired the APACHE and SOFA scores at the time of diagnosis (time zero), in addition to information on sex, age, body mass index and associated co-morbidities (diabetes, hypertension, dyslipidemia, tobacco use, atherothrombotic diseases, coinfection, inactivity). We also recorded the length of ICU stay (days), the severity of sepsis (sepsis, severe sepsis or septic shock), the HIV status, and the ICU outcome (survival or death).
Laboratory tests
Blood was obtained by clean venipuncture without stasis and collected into plastic tubes containing sodium citrate (ratio 9:1). After double centrifugation at 2,500 g for 15 minutes, platelet-poor plasma was immediately stored at -40 o C. The plasma was used to perform coagulation tests for PC (%), Ddimer (g/ml) and PAI-1 (UA/l). The plasma PAI-1 and PC levels were evaluated by chromogenic methods (Diagnostica Stago, France). The D-dimer was evaluated by immunoturbidimetric assay (Liatest, Stago, France).
Blood collected into tubes and allowed to clot at 37 o C, and then centrifuged at 1,500g, was used for sera preparation. Sera were stored at -40 o C until used to perform routine tests by standard techniques.
One portion of the blood collected into the plastic tubes containing EDTA was stored at -40 o C for polymerase chain reactions (PCR). Genomic DNA was extracted from white blood cells using an automatic method (QIAmp Mini blood, Qiagen).
The PAI-1 rs1799889 4G/5G polymorphism was amplified using the forward 5'-CACAGAGAGAGTCTGGCCACGT-3' and the reverse 5´-CCAACAGAGGACTCTTGGTCT-3' primers. A 50 l reaction mix contained 100 ng de DNA, 0,5 mol/l each primers, 0,1 mmol/l dNTP, 1x buffer, 1,5 mmol/l MgCl 2 and 1U Taq polymerase. The PCR conditions used were as follows: a denaturing step of 95°C for 5 minutes and then 37 cycles of 95°C for 1 minute, 62°C for 40 seconds and 72°C for 1 minute 45 seconds, with a final extension at 72°C for 10 minutes. The PCR product was analyzed by electrophoresis in 2% agarose gel and visualized by ethidium bromide staining. The amplification products were digested with the restriction enzyme Bsl-I (55°C for 2 hours). The digested fragments were separated by gel electrophoresis on a 4.5% agarose gel and visualized by ethidium bromide staining. The amplified product was expected to have a band of 99 bp for the PAI-1 5G allele and 98 bp for the PAI-1 4G allele, which were estimated from known molecular weight markers run in one of the streets. After the enzyme treatment, the PAI-1 5G allele presented two fragments of 77 and 22 bp, while the PAI-1 4G allele presented a single band of 98 bp.
The TNF- rs1800629 G/A polymorphism was amplified using the forward 5'-AGGCAATAGGTTTTGAGGGCCAT-3' and the reverse 5´-ACACTCCCCATCCTCCCGGCT -3' primers. A 50 l reaction mix contained 100 ng de DNA, 0,5 mol/l each primers, 0,2 mmol/l dNTP, 1x buffer, 2,5 mmol/l MgCl 2 and 1U Taq polymerase. The PCR conditions used were as follows: a denaturing step of 95°C for 5 minutes and then 38 cycles of 95°C for 1 minute, 65°C for 45 seconds and 72°C for 1 minute 45 seconds, with a final extension at 72°C for 10 minutes. The PCR product was analyzed by electrophoresis in 2% agarose gel and visualized by ethidium bromide staining. The amplification products were digested with the restriction enzyme Nco-I (37°C for 4 hours). The digested fragments were separated by gel electrophoresis on a 4.5% agarose gel and visualized by ethidium bromide staining. The amplified product was expected to have a band of 100 bp for the TNF- G allele and 107 bp for the TNF- A allele. After the enzyme treatment, the TNF- G allele presented two fragments of 80 bp and 20 bp, while the TNF- A allele presented a single band of 107 bp.
Simultaneously three controls (homozygous normal, heterozygous, homozygous mutant) and white (lacking DNA) for each polymorphism were run.
Data analysis
Statistical analysis was performed by using SPSS for Windows (IBM, Chicago, IL, USA.). As the data were not normally distributed, they are reported as the median and percentiles (25 and 75) 
Results
Among patients diagnosed with sepsis, the respiratory system was the most frequent site of infection (50.9%), followed by the central nervous system (20.5%), the skin and soft tissue (14.3%), and other sites (14.3%). The most frequent pathogens isolated were bacterial (59.0%: 27.3% Gram-positive, 13.7% Gram-negative and 18.0% Mycobacterium tuberculosis), followed by viral (6.2%), fungal (8.1%), and parasitic (0.6%). A microorganism could not be isolated in 26.1% of patients.
The distribution of both genotypes among the 214 control subjects was in Hardy-Weinberg equilibrium (PAI-1 rs1799889 4G/5G polymorphism: χ2 = 1.0156, p = 0.3136; TNF- rs1800629 G/A polymorphism: χ2 = 0.2232, p = 0.6366).
Notably, the TNF- A allele frequency (0.08 in sepsis versus 0.09 in controls) and the PAI-1 4G allele frequency (0.42 in sepsis versus 0.46 in controls) showed no statistical differences between septic patients and subjects in the control group (Table 1) . Table 2 describes the most relevant findings in our 166 septic patients, grouped according to their outcome (survival or death).
To predict mortality at time zero, we used a multivariate model that included accessible variables at time zero, including the independent variables age Table 3 shows the odds ratios and the corresponding confidence intervals of the variables in the final model (step 4). In total, 76.4% of deaths but only 55.6% of surviving patients could be predicted with a SOFA score greater than 4 at time 0, with a global prediction of 65.4% (step 1). However, when we combined a SOFA of ≥ 4 and the presence of the PAI-1 4G allele, in combination with plasma levels of PAI-1 ≥ 16 (UA/l) and the HIV+ status, the global prediction rose to 71.9%, with a prediction of survival of 74.1% and a prediction of death of 69.4% (step 4, contingence table in regression analysis).
Discussion
Despite continuing improvements in the understanding of both the molecular basis for and treatment strategies in sepsis, mortality rates remain very high [4] [5] [6] in both adult and pediatric populations [34] . In this study, half of our septic subjects died. Most of these patients died shortly after admission, and mostly of septic shock. Differences in the rate and etiology of sepsis have been reported in different countries, mainly between developed and developing counties although differences can also be found among industrialized nations [31, 34] . In a retrospective cohort study of adult patients with septic shock, the time of initiation of effective antimicrobial therapy was the single strongest predictor of in-hospital mortality [35] [36] . In addition, the failure to initiate appropriate therapy within a given time period correlates with an increased morbidity and mortality; however, this critical point often cannot be met by ICU physicians as patients do not arrive at the hospital in a timely manner. In this situation, the clinical outcome depends to a great extent on the patients' genetics. Many studies have demonstrated the importance of underlying genetics in modulating the sepsis phenotype [7, [17] [18] [19] [20] [21] , and Sorensen et al. established the inheritance pattern of those predisposed to mortality due to infectious disease [37] . This is one of the reasons we decided to evaluate certain polymorphisms in this study.
The study of the association between the most common polymorphism, PAI-1 rs1799889 4G/5G, and the resolution of the septic process has been a predictable focus of interest [29] [30] [31] [32] . In fact, our group has previously published an article reporting that the presence of the PAI-1 4G allele was a good predictor of a fatal outcome [38] . In concordance with other publications, we showed that the PAI-1 rs1799889 4G/5G polymorphism does not predispose to disease, but is associated with the severity and outcome of the disease. Although the association with diseases may always be due to linkage disequilibrium to other functional polymorphisms, this is unlikely in view of the extensive data confirming the functional effects of the PAI-1 rs1799889 4G/5G polymorphism.
Of all the molecules/factors involved in the septic process, TNF-α and IL-1 were considered critical mediators of septic shock. In fact, it was noted that the persistence of TNF-α and IL-6 in the serum, rather than peak levels of these cytokines, predicted a poor outcome in patients with septic shock. [7, 9, [39] [40] . The TNF-α rs1800629 G/A polymorphism has been associated with variations in the TNF-α levels, and may, therefore, have an effect on the severity and outcome in the ICU. The TNF- A allele is associated with an increased risk of death in children. Due to insufficient power, this finding could not be confirmed in a separate older patient group. The relative importance of this known polymorphism is still under discussion [35] . In fact, we found no association between TNF-α rs1800629 G/A polymorphism and either the disease outcome or the susceptibility to infection.
Any complex disease, such as sepsis, cannot be explained only by a variation in one or two genes alone, but by a variation in many genes, where the effect of any single variant is expected to be small (odds ratio < 2). Moreover, the sample size required to detect even moderate genetic effects is large [41] [42] [43] . However, in our study the PAI-1 4G allele conferred a greater than two-fold increase in risk of death. The PAI-1 rs1799889 4G/5G polymorphism (a common genetic variant) will emerge as a key component in a comprehensive understanding of many infectious diseases. In contrast, the contribution of the TNF- rs1800629 G/A polymorphism to the outcome, if any, may be too small and the sample size required to detect the same effect could be large.
As mentioned, in severe sepsis, and particularly in septic shock, fibrinolysis and coagulation inhibitors seem to be exhausted, as implied by a marked decrease in plasminogen and the main coagulation inhibitors, such as PC and antithrombin. In addition, PAI-1 levels were further increased [2, 8, 14, 16] . The impairment in fibrinolysis and coagulation inhibitors appears to be independent of the causative infectious pathogen [22] [23] [24] . In fact, we showed that the D-dimer as a coagulation marker and the PAI-1 levels were markedly elevated in patients with poor outcome in comparison to patients who survived, and PC showed the lowest levels. However, only PAI-1 levels remain predictors of a fatal outcome at time zero, although the D-dimer or PC levels remain the known and favorite markers in many papers. PAI-1 is also a potent inhibitor of the PC pathway, and there are many reports connecting high levels of PAI-1 to the progression to septic shock and/or a poor outcome, mainly in meningococcal disease [10, 16, [22] [23] .
Chronic co-morbid medical conditions are readily identifiable clinical variables associated with acute organ dysfunction and a worse prognosis. In fact, socioeconomic status is also an influential factor [3, 31] . Nevertheless, our work showed that obesity and classical co-morbidities (diabetes, hypertension, dyslipidemia, tobacco use, atherothrombotic diseases, coinfection, inactivity) were similar in patients who survived in comparison to patients who died, though none of these variables were associated with death. On the contrary, an HIV+ status conferred a high risk of death. This is not surprising bearing in mind that our hospital is an HIV reference center and the HIV patients who died in our work never received highly active antiretroviral therapy, and consequently they had AIDS.
The APACHE and, mainly, the SOFA scores allow quantifying the severity of the patient's illness. The SOFA was developed based on the degree of organ dysfunction. However, some publications have questioned the reliability of these scoring systems [12] [13] . As expected, both the APACHE and SOFA scores were higher in patients with a poor outcome than in patients who survived, but only the SOFA score proved to be a predictor of death at time zero. Moreover, the PAI-1 4G allele has proved to be a better predictor of death than the APACHE score at time zero. The SOFA score was determined to be a good predictor of survival or death, although the predictive value improved significantly when combined with the allele data. In addition, APACHE II is expected to be less useful than the SOFA score in predicting death at a time point in the first 24 hours.
One limitation of our prediction model is the fact that although the global prediction and prediction of survival increased, the prediction of death mildly decreased. These observations may therefore represent an important limitation of the described prediction mathematical model.
As a whole, at time zero, a SOFA score greater than 4, the presence of the PAI-1 4G allele, PAI-1 levels up to 16 (UA/l) and an HIV positive status could represent strong predictors of death. Neither the PC value, nor the D-dimer measurement, nor the APACHE score at time zero improved the prediction of death.
In the future, ICU scores may be further improved by adding data from certain genomic or plasma levels. The PAI-1 rs1799889 4G/5G polymorphism could represent a genetic marker for an increased mortality risk among septic patients; its predictive ability can be used to anticipate disease and recommend appropriate therapy, even outside critical care medicine. In the near future, knowledge 
